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RESEARCH MEMORANDUM

LOW-SPEED INVESTIGATION OF THE AERODYNAMIC, CONTROL, AND
HINGE-MOMENT CHARACTERISTICS OF TWO TYPES OF
CONTROLS ON A DELTA-WING—FUSELAGE MODEL
WITH AND WITHOUT RACEITES

By William I. Scallion
SUMMARY

An investigation was made in the Langley full-scale tunnel to
determine the low-speed aerodynamic and control characteristics of a
3-percent-thick 60° gweptback delta-wing-—fuselage combination with
half-delta tip controls and horn-balance-type controls. Tests were
also made with chord-plane-mounted nacelles located at three different
spanwise posltions on the wing. Aerodynamic forces and moments and
hinge-moment data were obtained through the angle-of-attack range at a

Reynolds number of 2.3 X 100 and a Mach number of 0.10.

The longitudinal and lateral control effectiveness of the half-
delta and horn-balance-type controls on the model without nacelles
decreased at high angles of attack. The horn-balance-type control
was approximstely twice as effective as the half-delta tip control
throughout the angle-of-attack range. The longitudinal and lateral
control effectiveness of both controls was improved by installing nacelles
adjacent to the controls. Adverse yawling moments were produced by both
controls at positive control deflections and angles of attack above L. 3
The outboard (0.67 semispan) nacelle adjacent to the half-delta tip
control caused that control to produce lsrge adverse yawing moments
with negative control deflectlions and high angles of attack. The control
hinge moments of the half-delta tip control were small but varied non-
linearly with angle of attack and control deflection. The nacelle mounted
adjacent to this control caused a shift from negative to positive hinge
moments for negative control deflections. The hinge-moment character-
istics of the horn-balance-type control were more nearly linear than
those of the half-delta control and large negative values of the rate
of chenge of hinge-moment coefficient with angle of attack and right
control deflection Cha and Char were obtained from this control.
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INTRODUCTION

The present interest in thin delta wings for high-speed aircraft
has resulted in a need for considerasble informstion on the control char-
acteristics of such wings over the complete speed range. Recent high-
speed 1invesgtigations on the control and hinge-moment characteristics of
various controls on delta wings (refs. 1 to 3) have shown that half-
delta tip controls meintain more satisfactory control effectiveness with
lower hinge moments than other types of controls at transonic and super-
sonic speeds. Investigation of the effectiveness of tip contrels has
been extended to the low-speed range, for example, by references %4 and 5;
however, the hinge-moment characteristics of such controls have not been
adequately studied in view of the marked variation on tip lcading with
angle of attack known to exist on highly swept wings subject to leading-
edge-separation vortex-type flow. In addition, there ig little informa-
tion on the effects of chord-plane-mounted external stores or nacelles
on the characteristics of tip controls; therefore, these effects merit
study in view of the influence of such nacelles on the leading-edge
vortex and low-speed stall characteristics as indicated by reference 6.

As part of a program of Investigation of the low-speed aerodynamic
and control characteristics of thin delta wings in the Langley full-
scale tunnel, the tests reported hereiln were msde on a J-percent thick,
60° sweptback delta-wing-—fuselage combination with two types of tip
controls. These tests included the effects of chord-plane~-mounted
nacelles at three different spanwlse positions on the wing. Aerodynamic
forces and moments as well as control hinge-moment date were obtained
in the angle-of-attack range of -3.7° through meximm 1ift for several
control deflections. The test Reynolds number was 2.3 X 106 and the
Mach number was 0.10.

COEFFICIERTS AND SYMBOLS

All results are presented in standard NACA form of coefficients of
forces and moments. 'The wing moments are referred to the model axes
originating at the projection of the quarter-chord point of the mean
aerodynamic chord on the plane of symmetry. The positive directions of
forces, moments, and control deflections are shown in figure 1. The
coefficients and symbols are defined as follows:

Cr, 1ift coefficient, L/gS

Cy lateral-force coefficient, ¥/qS
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pitching-moment coefficient, M/qSc

yawing-moment coefficient, N/qSb

rolling-moment coefficient, L'/qSb

hinge-moment coefficient, half-delta tip control, H/qSg&,
hinge-moment coefflcient, horn-balanced tip control, H/2dQ

rate of change of pitching-moment coefficient with right
control deflection, oCp/By

rate of change of rolling-moment coefficlent with right
control deflection, dC3;/d6,

rate of change of hinge-moment coefficlent with angle
of attack, OCh/dx

rate of change of hlnge-moment coefficient with right
control deflection, oChL/d®r

1ift, 1b

lateral force, 1b

pltching moment, ft-1b

yawing moment, ft-1b

rolling moment, ft-1b

hinge moment, ft-1b

mess density of ailr, slugs/cu ft

free-stream dynamic pressure, %QVQ, 1b/sq ft

free-stream velocity, ft/sec
total wing ares, sgq ft
area of one control surface, sq ft

moment of area of control surface rearward of hinge line
gbout hinge line, f£t3
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c wing chord measured parallel to plane of symmetry, ft
c wing meen aerodynamic chord measured parallel to plane
b/2

of symmetry, g o c2dy, ft
Cg control mean aerodynamic chord
b wing span, ft
Y distance along lateral axis, ft
a angle of attack of wing chord line, deg
B control deflection, positive tralling-edge down, deg
Xg longitudinal fuselage and nacelle coordinate, in.
Yo ' lateral fuselage and nacelle coordinate, in.
Subscripts:
r right
[ left

MODEL AND TESTS

The model of this investigation had a delta-plan-form wing with
60° sweepback at the leading edge, an aspect ratio of 2.31, and NACA
65A003 girfoill sectilones parallel to free stream. The wing was symmetri-
cally located on the fuselage with the maximm thickness point of the fuse-
lage 0.17c ahead of the 0.25C point on the wing. Coordinates for the fuse-
lage, nacelles, and wing section are given in taebles I and II. The genersal
arrangement of the model and controls, as well as the three nacelle posi-
tions investigated, are shown in figure 2. The nacelles were tested

at three spanwlse stations (0.35%, O.hS%, and 0.67%). A more detalled

drawing of the controls 1s given in figure 3. As shown in this figure,
the controls were tested in two configurations, a half-delta tip control
(configuration A) and a horn-balance-type control (configuration B).

The total control areas of the two controls were 5.2 and 10.2 percent
of the total wing area, respectively. ITllustrations and designations

of the configurations tested are shown in figure 4. 8ix configurations
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based on the two types of controls and three nacelle locations were
used in the investigation. Both controls were tested without nacelles
on the model. In addition, the half-delta tip control was tested with

the 0.h8% and 0.67% nacelles and the horn-bslance-type control was

tested with the 0.55% and o.hsg nacelles. For most of the tests the

controls were deflected on the right wing only, with the exception of
some exploratory tests made with the left- and right-wing controls
deflected as ailerons (Br = -5z).

Aerodynamic forces and moments and hinge-moment data were obtained
through the angle-of-attack range of -3.7° to 36.3° at zero yaw for con-
trol deflections of -40°, -30°, -20°, -10°, 0°, 10°, 20°, and 3%0°. The
data were taken by means of a six-component strain-gage balance in the
fuselage and straln-gage beams attached to the control surfaces. The
model was mounted on a sting support for tests in the Langley full-scale
tunnel as shown in figures 5 and 6. The model tests were conducted
separately from those of the semispan wing shown in figure 6. All tests
for the delta wing were conducted with the semispan wing set at zero-
1ift attitude after detalled flow surveys made for this condition did
not indicate any interference effects. The tests were made at a Reynolds

number of 2.3 X 106 based on the mean aerodynsmic chord and at a Mach
nunmber of 0.10. The data have been corrected for Jjet blockage ard an
average stream angle of 0.3°. Calculations were masde to determine the
Jet-boundary correction (by method of ref. 7) and buoyancy correction
as applied to the data, but they were found to be negligible and there-
fore were not applied. The controls were not rigid and the control
deflection aengles have not been corrected for additional deflection
caused by alr loads on the surfaces; however, a plot of control deflec-
tion due to hinge-moment against hinge-moment coefficient is shown

in figure 7. The estimated accuracies of other quantities are:

Oy AEE « o v o & = o o+ & o o & s o s 4 e e e e e e e s e e 0.2
Aerodynamic forces and moments, percent . . . . . « . . . .+ .+ . o
Hinge-moment coeffieclents . . . . . . . . + ¢« « « &« = = o« « . » T0.008

PRESENTATION OF DATA

The longitudinel characteristics (1ift and pitching moment) of the
several model configurations tested are presented in figure 8. 1In order
to 1solate the effects of the nacelles on the longitudinal control char-
acteristics, the variation of Cy with 8, for each nacelle-control

configuration is presented in figur? 9. Longltudinal control effective-
ness (Cms against a at B, = O°) is given in figure 10. Figure 11
r
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shows a comparison of the total rolling-moment coefficients for control
deflections of By, = 20° and 83 = -20° with the equivalent total
rolling-moment coefficlents as obtained by combining the rolling
moments produced by the right wing control only at &y = 20° and -20°.
The besic lateral characteristics (Cy, Cphy and C; against o for
egch control configuration) are presented in figure 12, and control
effectiveness data (Cz against B, )} are shown in figure 13. In fig-
ure 14 the variation of the control parasmeter Czsr with angle of

attack at &, = 09, ~109, and -20° 1is glven for both control configura-
tions with and without nacelles. The variatlons of yewing-moment
coefficlent with control deflection at several angles of attack are
given in figure 15. The hinge-moment cheracterigtics (Cp against «
and Cp against 5y ) for all the control configurations are shown in
figures 16 and 17, respectively.

RESULTS

ILongitudinal Characteristics

The 1lift and static longitudinal stabllity characteristics of the
basic model without controls for several nacelle installations on the
wing have been presented in reference 6. Although the main purpose of
the present tests 1s to determine the lateral control characteristics of
the various model-control combinations, there is current interest in
uwsing trailing-edge controls as longitudinal as well as lateral control
devices; therefore, a brief discussion of the longitudinal control char-
acteristics as obtained from single control tests is presented here.

As can be seen from figure 10 the longitudinal-control capabilities
of the half-delta tip control on the basic model without nacelles sre
small CmB = -0.00089 at B, = 0° and a = 0.3°\. This result would

. Or

be expected sihce the control area is only approximately 5 percent of the
semispan-wing area and the moment arm of the control hinge line about

the arbitrary model center of gravity (0.25¢) is only 58 percent of the
mean aerodynamic chord. The horn-balsnce-type control is approximately
twice as effectlive as a longltudinal control as the half-delta {ip con-
trol CmBr = -0.002 at b5p = 0° and «a = 0.3°). Control effectiveness

of both controls decreased with increasing angle of attack, Cingy
r

equaling epproximstely -0.0006 and -0.0012 at o = 24.3° for the
half-deltas and horn-belance-type controls, respectively. Addition of
the inboard nacelles to the half-delta and horn-balance-type control
configurations (configurations A-48 and B-33) had little effect on the

enfaneng-
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longitudinal characteristics in the angle-of-attack range presented.

The outboard nacelles, (configurations A-67 and B-48) which were
adjacent to the half-delta and horn-balance-type controls produced some
increases in longitudinal control effectiveness of both types of controls
in the low positive to high negative control-deflection range (fig. 9).
At a = 24.3°, the value of Cmg,. for the half-delta control with the

outboard nacelle increased to -0.00107 and the value of Cmsr for the

horn-balance-type control was increased to -0.00145 by its adjacent
nacelle.

Lateral Charscteristics

The results of tests made to determine the valldity of the
assumption that the effectiveness of differentially deflected tip
controls would be adequately represented by tests of the control on
one semispen are shown in figure 1l. QGood agreement is indicated up
to o= 24.3° and thus indicated that there was no mutual interference
of the semispan loadings due to tip corntrol deflection. The basic
lateral-control data (Cy, Chy C; against a) are, therefore, pre-

sented for the right semispan control deflected only (fig. 12). From
figures 12(a) and 12(d), the rolling-moment characteristics show that
control reversals are encountered with positive deflection of the half-
delta tip and horn-balance-type controls on the model without nacelles
at angles of attack above approximately 28°. This result is probably
due to the control stall and 1ts effect on the loading on the outer
part of the right wing at these angles of attack which causes an early
stall on that semispan. With the nacelles installed the control
reversals are alleviated, probably because the nacelles tend to reduce
the interaction between the losding on the outboard portion and the
inboard portion of the semispan. (See ref. 6.)

In figure 13 (Cz against Br) the lateral control effectiveness

of the control conflgurations exhibited approximately linear chsracter-
istics from low positive to moderate negative control deflections

through most of the angle-of-attack range, but at positive control deflec-
tions greater than &, = 10° there was a loss in control effectiveness

at moderate angles of sttack which indicated that the controls had
stalled.

The paerameter Czar for all control configurations (fig. 14) was

obtained from figure 13 by taking the approximate slopes of the curve
for C; against &, at &y = 0°, -10°, and -20°. At &, = 09, the

control effectiveness of the half-delta tip control on the model without
nacelles decreased with lncreasing angle of asttack from -0.00055 at
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a = 0.3°% to -0.0003 at « = 28°. The horn-balance-type control is
twice as effective as the half-delta tip control through most of the
angle-of-attack range. This increased effectiveness is more than would
be expected by doubling the area of the half-delta tip control (see
ref. 4) and can be attributed to the more effectively loaded inboard

half of the horn-balance-~type control. Addition of the inboard (0.&8%

and 0.33%) nacelles to the half-delts and horn-balance-type control

conflgurations, respectively, did not generally affect the control
effectiveness of the two controls. When the nacelles were moved to
posltions adjacent to the controls, however, control effectiveness was
increased at all angles of attack, especially that of the half-delta

tip control. With the adjacent (0.67%) naecelles installed, the half-
delta control meintained constant effectiveness C15r approximately

-0.0006) up to o = 24°. The nacelle of thls configuration increased
the effectiveness of the half-delta tip control more than might be
expected on the basis of previcus tests of a half-delta tip control
with edjacent circular end plates (ref. L).

The values of Cig,. &t Br = -10° and -20° indicate that, at

angles of attack below 12°, the half-delta and horn-balance-type controls
with an initial deflection of -10° or -20° would be less effective than
the same control with an initial deflection of 0°. Above o = 129,

there are only small differences in control effectiveness between B8y = 0°,
-10°, and -20°. The yawing characteristics introduced by deflecting the
controls (Gn against &,) are shown in figure 15. Adverse yawing
moments were produced by positive control deflections for all the con-
trol configurations tested. The yawing moments of the basic model with
negative deflection of the half-delta tip control were favorable through
most of the angle-of-attack range. Above « = 24.3°, however, negative
control deflections produced adverse yawing moments. The yawing moments
of the basic model with the horn-balance-type control tended to become
adverse with small negative control deflections at angles of attack

above 8.%°. Addition of the inboard (o.hag and 0.3}%) nacelles to the

helf-delta and horn-balance-type control configurations, respectively,
had only small effects on the yawing moments due to control deflection
through most of the angle-of-sttack range; however, at high angles of
attack (above «a = 24.3°), they tended to reduce the adverse yawing
moments of the basic model at negative control deflections. With the

outboard (9.673) necelles installed on the half-delta control configura-

tion, negative deflection of the control produced large adverse yawing
moments, especially at high angles of attack. Near maximm 1ift,
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control deflections of -20° to -30° produced an sdverse yawing-moment
coefficient of approximastely -0.012. The outboard (0.&83—) nacelles had

little effect on the yawing chsracteristics of the horn-balance-type
control configuration.

Hinge-Moment Characteristics

The hinge-moment characteristics of the hslf-delta-tip and horn-
balance~-type control configurations are given in figures 16 and 17. As
cen be seen in figure 16(a) there is generally a positive value of Cp,

in the low angle-of-attack range (o = 0.3° to 4.3°) for all the half-
delta tip-control configurations. At these low angles of attack, the
control is virtually balanced as shown in figure 17(a). Above « = L.3°,
the control on the model without nacelles exhibited increasingly nonlinear
hinge-moment characteristics, and cha tended to become negative

(fig. 16(a)). In either case the hinge moments are small and, as the
control 1s nearly balanced, it 1s subject to erratic hinge-moment
characteristics, even with small center-of-pressure variations which
are known to occur on the tips of delta wings having the leading-edge
separation vortex passing across the control at moderaste angles of

attack. Addition of the inboard (O.hS%) nacelles to the half-delta

control configuration (fig. 17(a)) produced only minor changes in the
hinge-moment charscteristics of the contrel; however, the outboard

(0.67%) nacelles caused considerable change in the hinge moments at

negative control deflections for all angles of attack above 4O, At
these angles the nacelles caused the controls to exhibit increasingly
positive hinge moments at negative control deflections, this positive
increment in Cj being equal to approximately 0.12 at « = 20.3°

and &y = -20°,

The hinge-moment characteristics of the horn-balance-type control
on the model without nacelles (figs. 16(b) and 17(b)}) were similar to
those of an outbosrd trailing-edge control as shown by previous tests
on the 10~percent-thick 60° delta wing with trailing-edge controls and
having leading-edge-separation vortex-type flow (ref. 8). This result
might be expected since the horn-balance-type control i1s essentially a
trailing-edge type of control with a horn-balance having only 12 percent
of the control-surfaece area and the control 1s subjected to similar
wing-flow cheracteristics. The control has large negative values
of Cha and chﬁr through most of the angle-of-attack range, some

nonlinear characteristics occurring at high angles of attack and large
control deflections. Addition of the nacelles (figs. 16(c) and 16(d))



10 L) NACA RM 153C18

ceuses a reduction in the slope of the curve for Cp eagalnst «

egpecially at the higher angles of atteck; this reductlon indicates

e forward shift of the control center of pressure resulting from

the influence of the nacelles on the basic flow characteristics over
the outboard section of the wing. (See ref. 6.) The nacelles had
little effect on the variation of C, with 5, for the horn-balance-
type control at low angles of attack; however, at angles of attack
above 12°, the nacelles tend to reduce Chs, &t positive control

deflections (fig. 17(b)). In addition, the ocutboard (o.hB%) nacelles
increased Chﬁr at negative control deflections in the same angle-
of-attack range.

SUMMARY OF RESULTS

The results of the low-speed investigation of the aerodynamic,
control, and hinge-moment characteristics of a delta-wing-fuselage
model with helf-delta tip controls and horn-balance~type controls of 5.2
and 10.2 percent of the total wing area, respectively, with and without
chord-plane-mounted nacelles may be summarized as follows:

1. The half-delte tip control on the model without nacelles had
low longitudinal and lateral control effectiveness in the higher angle-
of-attack range. The horn-balance-type control on the model without
nacelles had about twice the longitudinal and lateral control effective-
ness of the half-delta tip control through most of the angle-of-attack
range.

2. Both controls on the model without nacelles produced adverse
yawing characteristics at positive control deflections throughout the
angle-of-attack range. At the higher angles of asttack, negative deflec-
tion of both controls also produced adverse yawing characteristics.

3. The presence of the inboard (0.48 semispan and 0.33 semispan)
nacelles had only minor effects on the longitudinal and lateral control
effectiveness of the half-delta and horn-balance-type controls, respec-
tively, but the adjacent nacelles (0.67 semlspan and 0.48 semispan,
respectively) increased the longitudinal and lateral control effective-
ness of both controls, especlally the half-delte. tip control.

k. The inboard (0.33 semispan and 0.48 semispan) nacelles did not
have much effect on the yawing characteristics dve to control deflection
of the half-delta and horn-balance~type controls, respectively. The
outboard (0.67 semispan) nacelles on the model with the half-delts tip
control caused large sdverse yawing moments at negative control deflec-
tiones and angles of attack sbove 12.3°,

hS
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5. The half-delta tip control exhibited nonlinear hinge-moment
characteristics, although the hinge moments were small because the
control was nearly balanced. The horn-balance-type control hinge
moments varied more nearly linear with control deflection and angle
of attack and were characterized by high negative values of the rate
of change of hinge-moment coefficient with angle of attack and right
control deflection (cha and Chﬁr) and large hinge moments.

6. The 0.67 semispan nacelles caused a large positive increment
in hinge-moment coefficients of the half-delta tip control at negative
control deflections and angles of attack above 4.3. The 0.48 gemispan
nacelle on the half-delta tip-control configuration and the 0.33 semispan
and 0.48 semispan nacelle locations on the horn-balance-type control
configuration had only small effects on the basic hinge-moment character-
istics of the half-delta and horn-balance-type controls, respectively.

Langley Aeronautical Iseboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABIE I

COORDINATES OF FUSELAGE AND NACELIES

Fuselage ordinates

Statlon| x,, in. | ¥g, 1in.
0 0 0]
1 72 e 333
2 1.08 «4284
3 1.80 «6156
4 360 1.040
5 7«20 1.735
6 10.80 2.322
7 14.40 2838
8 21.60 3733
9o 28.80 4,449
lQ 36 .00 4,989
11 43,20 5.387
12 50.40 5.662
13 5% .60 5.850
14 64.80 5.965
15 72.00 6,001
16 79..20 5.247
17 86440 5.794
18 93.60 5466
19 100,80 5.128
20 108,00 4,789
21 115.20 4,455
22 120.00 4,224
Nose radius = 0.072 in.

Naecelle ordinates

Station | x,, in. |y, 1in.

o 0
o279 195
«921 471

24315 «937

3.170 l.364
5.106 1.735
6.500 2.084
7.198 24232
8.252 2.444
10.002 24717
13.503 3.085
17.G05 3.320

A
ORIV HOOVOTONRWNOKHO

20.51 34459
24,00 3501
46,95 34501
49.86 3451
16 52,77 3334
17 55.67 34144
18 58.58 2.871
19 61.48 2.836
20 64,39 2.142
21 67 .29 1.719
22 67 ¢ 65 1.668

Nose radius = 0.139 in.

——————
___‘.Nﬁch&’ =
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TABLE TII

NACA 65A003 AIRFOIL ORDINATES

Station, Y
percent chord percent chord
0 0
.5 .23k4
.15 .284
1.25 .362
2.50 493
5.00 .658
7.50 .T96
10.00 .912
15.00 1.097
20.00 1.236
25.00 1.342
30.00 1.k20
35.00 1.472
Lo.00 1.498
45.00 1.497
50.00 1.465
55.00 1.402
60.00 1.309
65.00 1.191
70.00 1.053
75.00 .897
80.00 727
85.00 549
90.00 .369
95.00 .188
100.00 .007
L. E. radius = 0.058%

NACA,
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Figure 1.- System of axes used. Arrows indicate positive direction of
forces, moments, and angular displacements.
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Figure 2.~ General errangement and principal dimensions of the 60° delts-

wing model,

All dimenslons are given in inches.
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Figure 4.- Arrangement of control and nacelle configurations tested.



Figure 5.~ Photograph of the 60° delta-wing model without nacelles as
mounted 1n the Langley full-scale tunmel.
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Figure 6.- General view of the 60° delta-wing model with nacelles mounted
in the Langley full-scale tunnel.
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(a) Configuration A.

Flgure 8.~ Longitudinal cheracteristics of the delta-wing model.
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(b) Configuration A-48.

Figure 8.- Continued.
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Figure 8.~ Continued,
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Figure 8.- Continued.
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Figure 8.- Continoued.
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Figure 9.- Varietion of pitching-moment coefficient with control deflection.

g2

BTOCST WH VOVN



NACA RM L53C18 R 29

0 Configuration A
— = — Confilguration A-48
Cor —— ——— Configuration A-67
S,
r 0004
P N
/__/ -~
0008 |—==F——
\ 4 /’
~
-.00/2 P~ =
{a) Half-delta tip control.
0
- 0004
C,
mcS',- - 0008 Configuration B
— = — — Configuration B-33
—— Configuration B-48 T
=~ 00/2 ——
/
AT
17 j
.00/6 > - ~msEs —
I <t I P O g L 1
- 0020 //_____,_,’/ /// (b} Horn-balance-type control.
———— —— ———/’ -
0 4 g e /6 20 4
@, deg

Figure 10.- Variation of Cmﬁr with angle of attack (%r = OO).
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Figure 12.- Variation of Cy, C,, end C;
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